Key indicators: single-crystal X-ray study; T = 120 K; mean (C-C) = 0.003 Å; R factor = 0.046; wR factor = 0.116; data-to-parameter ratio = 18.9.
In the title compound, C 9 H 20 N 2 S, the n-butyl groups are in syn and anti positions in relation to the C S bond. In the crystal, two molecules are connected by two N-HÁ Á ÁS C hydrogen bonds into a centrosymmetric dimer. Another N-HÁ Á ÁS C hydrogen bond links the dimers, forming layers with a hydrophilic interior and a hydrophobic exterior, which spread across the (100) plane. Interlacing of the external butyl groups combines these layers into a three-dimensional structure.
Related literature
For structures of N,N 0 -di-n-butylthiourea complexes with mercury and copper, see: Ahmad et al. (2009) ; Khan et al. (2007) ; Warda (1998) . For structures of other symmetrically substituted thiourea derivatives, see: Custelcean et al. (2005) ; Djurdjevic et al. (2007) ; Ramnathan et al. (1995) . For synthetic methods, see: Herr et al. (2000) ; Kricheldorf (1970) ; Ranu et al. (2003) . Table 1 Hydrogen-bond geometry (Å , ). (17) 164 (2) N2-H2Á Á ÁS1 ii 0.85 (1) 2.52 (1) 3.3319 (17) 159 (2) Symmetry codes: (i) Àx; Ày þ 1; Àz þ 2; (ii) x; Ày þ 3 2 ; z À 1 2 .
Experimental
Data collection: CrysAlis PRO (Oxford Diffraction, 2010); cell refinement: CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) and Mercury (Macrae et al., 2008) ; software used to prepare material for publication: WinGX (Farrugia, 1999) and PLATON (Spek, 2009 Comment N,N'-Di-n-butylthiourea, S═C(NH n Bu) 2 , is commonly used as a vulcanization accelerator in rubber processing, as an insecticide, as an additive to fertilizers, as a corrosion inhibitor, as an agent for metal treatments, etc.
No X-ray structure of pure compound was known until now, although the Cambridge Structural Database contains data on its mercury(ii) (Ahmad et al., 2009) , copper(i) (Khan et al., 2007) and copper(ii) (Warda, 1998) complexes. In their structures one of the n-butyl groups of N,N'-di-n-butylthiourea molecule is in the syn position and the second is in the anti position in relation to the C═S bond. The same conformation is present in the title compound and this allows the formation of the centrosymmetric dimers (see Fig. 1 ) held together by two N1-H···S1 i ═C1 i hydrogen bonds [symmetry code: (i): -x, -y + 1, -z + 2]. Namely, motif R 2 2 (8) is formed. Furthermore, there are additional N2-H···S1 ii ═C1 ii hydrogen bonds [symmetry code: (ii): x, -y + 3/2, z-1/2], which link the dimers to form the two-dimensional layers (see Fig. 2 ). Hydrogen bonds parameters are summarized in Tab. 1. Hydrocarbon chains pointing outside the layer interact with those from the neighbouring ones by van der Waals forces to form a three-dimensional crystal structure. The same packing patterns can be found in syn,anti isomers of other analogues: N,N'-diethylthiourea and N,N'-diisopropylthiourea (Ramnathan et al., 1995) and similar in N,N'-bis(prop-2-en-1-yl)thiourea (Djurdjevic et al., 2007) . The case of N,N'-di-tert-butylthiourea is different, because the molecules adopt syn,syn conformation (Custelcean et al., 2005) .
There are several synthetic methods to obtain symmetrical thioureas. For example condensation of amine hydrochlorides with potassium thiocyanate (Herr et al., 2000) or reaction of N-silylated amines with carbon disulfide (Kricheldorf, 1970) .
The very simple, quick and solvent-free method was proposed by Ranu et al. (2003) incorporating addition of amines to carbon disulfide on the surface of alumina under microwave irradition. In the case of n-butylamine, mixture was irradiated for 2 minutes and the yield was 89%.
We found that good quality crystals can be obtained by recrystallization from ethyl acetate or acetylacetone (2,4-pentanedione).
Experimental 0.25 g (1.33 mmol) of commercially available N,N'-di-n-butylthiourea was dissolved in 2 ml of freshly distilled acetylacetone. The mixture was filtered and the filtrate was left for crystallization in a refrigerator. After several days well formed, colorless crystals were collected. Melting point: 335 -337 K.
Refinement
Hydrogen atoms were placed at the calculated positions (d CH = 0.98-0.99 Å) and were treated as riding on their parent atoms, with U iso (H) set to 1.2-1.5 times U eq (C). The N-H distances were restrained to 0.85 (1) Å. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2σ(F 2 ) is used only for calculating Rfactors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 )
x y z U iso */U eq S1 0.16510 (4) 0.55610 (5 (7) 0.0019 (7) N2 0.0238 (9) 0.0227 (9) 0.0221 (9) −0.0016 (7) −0.0019 (7) 0.0047 (7) 0.0226 (10) 0.0219 (11) 0.0272 (11) −0.0047 (9) −0.0010 (8) 0.0011 (8) C7 0.0251 (11) 0.0280 (11) 0.0230 (10) 0.0000 (9) −0.0003 (8) 0.0020 (9) C8 0.0276 (12) 0.0329 (13) 0.0460 (14) −0.0016 (10) −0.0010 (10) 0.0020 (11) C9 0.0292 (13) 0.0475 (16) 0.0641 (18) 0.0056 (12) 0.0016 (12) 0.0049 (14) Geometric parameters (Å, °) S1-C1 1.712 (2) 
